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(54) Title: RTBOZYME AMPLIFIED DIAGNOSTICS 
(57) Abstract 

A system is described for the use of a ribozyme as a diagnostic tool for detecting the presence of a nucleic acid, protein, or other 
molecule, in which the formation of an active ribozyme and cleavage of an assayable marker is dependent on the presence or absence of the 
specific target molecule. The essential component is a ribozyme specifically but revendbly binding a selected target m .^^^ n v ^^ 
labelled co-targeU preferably immobilized on a support structure. When both the target and co-target are bound, the ribozyme cleaves the 
label from retarget, which is then quantifiable. Since the ribozyme is reversibly bound by target and co-target, it can reflate with 
additional co- target, cleaving more label, thereby amplifying the reaction signal. In one embodiment, the target * a nucleic acid hybridizing 
to complement sequences that form part of the ribozyme; in a second embodiment, the target is a protemor other 

bound by interaction^ with a portion of the ribozyme molecule. In another embodiment, a thermostable nbozyme is used, so that ^I*Qperly 
bound ribozyme is desmbilizeTand inactive at elevated temperatures. A method for isolating regulatable nbozymesj^ also ^losed The 
regulatable ribozymes are useful in the method for detecting the presence of a specific macromolecule, or can be used in in vitro or in vivo 
methods for inactivation or activation of the cleavage of target RNA molecules. 



T 



.,1' • >■ ■ " ^ 



BNSDOCID: <WO 9413833A1_I_> 



FOR THE PURPOSES OF INFORMATION ONLY : 

pages of pamphlets publishing international 



Codes used to identify States party to the PCT on the front 
applications under the PCT. 



AT 


Austria 


AU 


Austnlu" ' 


BB . 


Barbados , 


BE 


Belgium 


BF 


Burkina Paso 


BG 


Bulgaria 


BJ 


Benin 


BR 


Brazil 




Belarus 


CA 




CF 


^Central African 


CG 


Congo" 


CH 


SwitzerUnd 


cr- 


Cote d lvoire 


CM 


Cameroon 


CN 




CS 


Cz/xfcoslovafcjj 


CZ 


Czech Republic 


DE 


Germany 


DK 




ES 


Spain 


FI 


Roland 


FR 


France 


GA 


Gabon 



GB 


United Kingdom 


GE 


Georgia 




Guinea 


GR 


Greece 


HU 


Hungary 


DE 


Ireland 


IT 


v Italy 


JP 


Japan 


KE 


Kenya 


KG 


Kyrgyttan 


KP - 


r^mocratic People's 




of Korea 


KB. 


Republic of Korea 


KZ 


Kazakhstan 


U 




LK 


Sri Lanka 


LU 


Luxembourg . 


LV 


" Latvia 


. MC 


Monaco 


MD 


Republic of Moldova 


MG 


.Madagascar. 


ML 


Mali 


MN ; 


Mongofi* 



MR 


Mauritania 


MW 


Malawi 


NE 


Niger ^ 


NL 


Netberlands 


NO 


-Norway^ ~ 


NZ 


New Zealand 


PL 


Poland . , 


PT 


tortugal 


RO 


. Romania 


RU 


Russian Federatioo 


SD 


Sudan 


SE 


Sweden 


SI 


Sk>wnia> 


SK 


Slovakia 


SN 


Senegal 


TD 


Chad 


TG 


.Togo 


tj 


Tajikistan 


TT 


Trinidad and Tobago 


UA " 


""Utariune 


us 


- United States of Amc 


uz 


Uzbekistan 


VN 


VietNam 



BNSDOCID: <WO 9413833A1J_> 



PCT/US93/11775 

WO 94/13833 

RIBOZYME AMPLIFIED DIAGNOSTICS 



Background of the Invention 

The present invention is a system for the design 
of diagnostics having an amplified or differential 
response as a result of the inclusion of a ribozyme. 

The detection of infectious agents or molecules 
indicative of disease, including metabolites, nucleic 
acids, and proteins, is a fundamental component in the 
diagnosis and treatment of medical disorders, as well as 
in research. A number of methodologies are currently in 
use for detection. These methodologies can generally be 
divided into antibody-based diagnostic assays for 
proteins, either components of the disease causing agent 
or byproducts of the disease, and diagnostic assays for 
nucleic acids, such as the genetic material encoding a 
component of the disease causing agent. 

Assays for proteins are further divided into 
those methods which involve a binding reaction between a 
molecule (usually an antibody) and the protein to be 
detected, or a reaction between an enzyme which binds 
the targeted molecule resulting in activation of the 
enzyme so that it can cleave a substrate to produce a 
-detectable -color change. Many of the binding assays 
include a dye, an enzyme, or a radioactive or 
fluorescent label to enhance detection... Antibodies to 
the protein can be obtained from patients, immunized 
animals, 6r antigen-specific monoclonal cell lines. 
These antibody assays include assays such as sandwich 
ELISA assays, Western immunoblot, radioimmunoassays, and 
immunodiffusion assays. Other assays use molecules such 
as.avidin and biotin for immobilization and detection, of 
molecules. Techniques for preparing these reagents and 
methods for use thereof are -known to those skilled in. 

the art . ' . . _ * ; 

^Assays for nucleic acid sequences range f r£m 
-simpli methods for detection:, such as a Northern blot;: 
•hybridization using a radiolabeled probe to detect the 

presence of a nucleic acid molecule, to the use of the 
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polymerase chain reaction (PGR), to amplify a very small 
quantity of a specific nucleic acid sequence to the 
point at which it can be used for detection of the 
sequence by hybridization techniques. Nucleotide probes 
can be labelled using dyes, or enzymatic, fluorescent, 
chemiluminescent, or radioactive labels which are 
commercially available. These probes can, be used to 
detect by hybridization the expression of -a gene or 
related, sequences in. cells or tissue samples in which 
the gene is a normal component,, as well as to screen 
sera or- tissue samples from humans suspected. of .having a 
disorder arising from infection with. an organism, or to 
detect novel or altered genes as might be found in 
tumorigenic cells. Nucleic acid primers can also be 
prepared which, with reverse transcriptase or DNA- 
polymeraseand the, polymerase chain, reaction, can be 
used for detection of nucleic acid molecules which, are 
. present in very , small amounts in tissues -or fluids-, 
only the enzyme-based -methodologies and pgr* 
.(which uses a polymerase) are inherently catalytic-, with 
detection linked . to amplification of the signal. - ?C R 
has several disadvantages, although it is capable of 
detecting very small quantities of DNA: it requires a 
high degree of technical competence . for reliability; it 
. is extremely sensitive to .contamination resulting. in 
false positives,. it, is difficult to use quantitatively 
rather than qualitatively. The other- methods rely on 
con D ugation of an enzyme, usually, to additional 
components of the .assay,, to increase signa i generation 
and amplification. The use of these additional, ligands 
increases the noise of the system, - with higher 
background and -false positives, and necessitates several 
: levels, of control reactions. 

. . Ribozymes are def ined as RNA- molecules, having 
enzyme, like activity.. There are three general pathways 
of RNA catalyzed. cleavage: (i)- cleavage by- viroid-like 
RNA; (2) cleavage by _RNAase P x>r the -RNA- component of 
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• "RNAase P, the work of Sidney Altmah at- Yale University; 
and (3) cleavage by the •Tetrahymena ribbzyme/ the work 
of Thomas Cech at the University of Colorado. All 
naturally occurring ribozymes known tp; date,- with the 

. exception of RNAase P, work in cis ; and must be 
engineered to work -in trans, i.e. , oft- another molecule. 

. . ;This-;is -accomplished ;by~ separating, -the portion of the 
RNA molecule with enzymatic activity from the portion 

..serving, as substrate, and conferring substrate-like 
properties, including ^appropriate - secondary and tertiary 

-.. structure^ on the target molecule which is tb'be" 
■^'Cleaved^ ^Specificity can be' conferred" by add ing- 
complementary" nucleic acid : sequence which ' hybridize 
-adjacent' to" the site to be cleaved ■■ orr the target?" 
molecule. -"^ -•• 

Each' class^" b£ ^ribbzyme -leaves" ^ different- * 

-^sequence of -nucleotides using distinct 'mechanisms of 
action. "Moreover, each-class is further distinguished 
based r on how^-mariy nucleotide "bases' are essential for 
enzymatic activity arid to the extent the intended target 

^ and the ribbzyme can be manipulated : to alter 

specificity. " " 

, - - ^he Tetrahymens x£B6zyme was the first ribozyme 
to be -discovered <■ This ribozyme is guanos ine-dependent 
for its cleavage. It is a large ribozyme that naturally 
: roperates' in cis . A smaller internal portion can be 
- engineered to operate in trans, ^that is, On? -a separate 
molecule, targeting specif ic -four nucleotide "sequences. 

Ml RNA, the RNA ribozyme subunit of E. colx 
RNAase P, is a" nearly 400-base RNA molecule Which" - 
cleaves a whole variety of- -separate, other molecules in 
the cell to produce mature tRNAs frbin their precursors. 
Other molecules can be converted into substrate for Ml 
.RNA- through- the use- of an external- guide"" sequence 
^Characterized as an isolated' ol-igoribdhuclebtMe having 
A at its -5 ' terminus at -least seven nucleotides - •:- " 
r^c^dlH^ritary :! to--^e--nucleot£des"--3^- , to -the cleavage site 
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in the RNA to be cleaved -and at its . 3 ' terminus the 
nucleotides N C C A directly .joined to the. complementary 
nucleotides, wherein N is any nucleotide and ther 
complementary nucleotides in the oligoribonucleotide 
hybridizes to the complementary nucleotides, in the RNA 
to be cleaved, as described by Forster and Altman, in 
Science 249:783-786 (1990), "External Guide Sequences 
for an RNA -Enzyme". Altman, et al. . Proc. . Natl . &r^,r>. 
Sci^ 89. (17) :80p6-80l0: (1992) , "Targeted Cleavage of 
Messenger RNA by Human RNase P" recently described the 
construction of an external guide sequence. for the 
eukaryotic equivalent of the E. coli RNAase P, based on 
a structure derived from a. precursor TRNA. The RNAase P 
reaction and the Tetrahymena reaction both act by 
creating .5 ' -phosphate and 3/ -hydroxy 1 .termini . 

. . There are several kinds of viroid-rlike RNA ., 
ribozymes found in plants and animals, The hammerhead 
ribozyme is one class in this category , and the hepatitis 
delta ribozyme is a second class. Unlike the RNAase- P 
- and Tetrahymena ribozymes, the engineered, trans-acting 
plant viroid-like ribozymes are only 18 to 20) nucleotide 
bases long with equally short substrates.: The central 
motif is a characteristic .conserved sejguence motif that 
Uhlenbeck demonstrated in 1987 and published in Nature 
328:596^6p0 (1987), in which he proposed that all , . • 
hammerheads shared certain features. < The cleavage 
reaction^ of the viroid-like ribozymes creates a 2 ' , 3 ' 
cyclic phosphate and. a 5* hydroxy 1 terminus. 
Accordingly, there ; ,is a fundamentally and 
mechanistically different chemistry for these viroid- 
like RNA ' reactions as contrasted, with the Ml RNA 
reaction or the Tetrahymena reaction. However, the end 
r' resultcis. the same, i.e., cleavage of ■> a separate RNA 
molecule. • . 

It. has been proposed by several: groups that : 
ribozymes. have -the potential to-be used to- treat disease 
or. genetic disorders by- cleaving target RNA,. such; as 
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viral RNA or MRNA" transcribed' from genes which should 
" be , but- are not , turned off. - No ; one has proposed using 
them as diagnostics; o however . - r ■ - 

It is therefore an; object: of : the; present 
invention .to provide a means for amplification or 
generation of a diagnostic .response- using ribozymes; 
„:-v. j - It: is a further object of the present invention 
;to„, utilize _ ribozymes to serve as a' catalyst in the 
detection ^ of nucleic acids; proteins, and 1 other 
molecules ^in; 1 which .detection is a .result of cleavage of 
a substrates by the ribozyme. - - - * - ^ - r - r ~* 

^ * ; ^ r sufiiinary of the- Invention 

c "system is described for the use - of a c ribozytne 
as a diagnostic tool for detecting the presence of a 
nucleic acid ,' " pr^teirf, or other •'molecules / in which the 
? ^formation of an active ribozyme ^ahd cleavage of /ah 
t assayable marker is dependent on the presence: of- tiie 
~* specif ic targetMmbleriirle. The essential component is a 
ribozyme Specif ically but reversibly binding "a selected 
:: "^targetT 1 in combination with a labelled* co-target, 

prcifcrably immobilized on a support : structure. - When 4 
both -the target -arid- co-target are bound, the ribozyme 
.cleaves the label frbm the co-target, which is then ' 
quantifiable. Since the ribozyme is reversibly bound by 
target and" cb-target, it can reassociate" with additional 
co-target, cleaving more label, -thereby amplifying the 
reaction signal* In one embodiment, -the" target is a 
nucleic acid ^hybridizing to complementary sequences that 
form/ part, of th*e- ribozyme; in a~ second embodiment, the 
target is a protein or other:-macromolecuie>which is 
• r ; bound by; interactions with a portion of the ribozyme 
molecule. .In still, another embodiment, a thermostable 
ribozyme is used, so that improperly bound ribozyme is 
destabilized and inactive at elevated temperatures. 
,- - - j A: method for ^isolating regulatable: ribozymes is 
a-lsoijdescribfe<±^ /The regulatable ribozymes are useful in 
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the method for detecting the presence of a specific 
macromolecule, or can be used in in vitro or in vivo as 
methods for inactivation or activation of cleavage of 
target -RNA molecules. 

Brief Description of the Drawings 

. Figures 1A, IB,- and 1C are .schematics of the 
ribozyme amplified diagnostic components,, a ribozyme 
with one arm designed to base-pair with .labelled RNA 
molecules bearing a labelled NUX cleavage site, which 
are anchored to a. solid support, referred to : as the "co- 
target" RNA, and the other . arm designed to base-pair 
.with a predetermined sequence on the RNA being detected, 
the "target" RNA. 

Figures 2 A and 2B are schematics of the ribozyme 
amplified diagnostic components for detection. of a non- 
nucleic acid. molecule, a ribozyme that forms an ~ 
enzymatically active conformation, when a -ligand , binding 
portion binds to ligand which is to be ^detected and a 
co-target molecule which is cleaved .by: the active 
ribozyme to Release a detectable labelled, sequence,, v 
Figure 2A is when the ribozyme is bound to ligand and in 
an active conformation; Figure. 2 B is when the ribozyme 
is not bound to ligand and is, in an . inactive . . : . 
conformation . 

figures 3A and 3B are schematics -of a 
thermostable ribozyme amplified diagnostic system, where 
the ribozyme which is properly matched with target ; and 
co-target and conf ormationally active is shown in Figure 
3A and the ribozyme which is r destabilized and - 
conf ormationally -inactive is shown in .Figure 3B. - 

Figures 4 A and 4B are schematics of the, cleavage 
of a target us ing„ RNAase P in combination with an 
appropriate EGS to guide either bacterial RNAase, P.. 
(Figure 4 A) or human RNAase P (Figure 4B).. . ~ 
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q£xq aqi ~ -saAT^Bfiau asTBj jo TaAat wof e ' P ub "ms^sXs ' 
aq* jo ^XAx^xsuas q6xq*aqq. 6% Ifiuxpsat 'T^ufix^ aouaq 
pus r.xaqBx -au:* jo asBaxaa aq} saxjxxdMB BuxxoAoaj sxqj, 
•sainoaiom ^efiaey .pue- '-^afi^Uoo "pWatouTjo axnba^ooi 
i v- Aau b '■ 'autXzoq.ia uaakqaq r'xa^o# aAtqS>H Aau b ISoj* 
. PUB aaq^o" qoBa uiojj a^Bxoossxp "aaa j ai'i si iafiaa*/ " 
PUB, -9^-q:afijBq:-oo P 3A%a T o ^or amAzoqxS aq} c ^aiqTsaaAaic' sV 
6uxaTBd-asBq aq^aoufs r * paXes s b~ ? sx qx aiaqA "» uoxqnTos 
C7-o^up:9r wo ddhs' ptros r^tn. oibjj B9S apTq.oaf onuo6x T b T 
patiaqBT B jo-asBafsi sq^piic 3;ts xm sifl' 93 " 
qa^B^-oo pa TI aqBi au:r jo-afiBABaxo ux s;inwi 8*3' ia'te^'" 
pub 92 ^e6aB^-ob ' 6t -araAzoqxi jo xaxdmoo JBxnoWbinTj} 
aAT^os a^jy : i -mioj-'uoV^B^o'juoo 'an&zbqxa sat^ob 
axxbot^T^bo aqq saop 4a6aBi-oo aqq p U B pt aurfzoqxa 
5 au> Aq punoq pus ^ua'saad sx 82 ¥NH ^6jBt; aqq. uaq^ 
axuo » *-82 q.afiJBqt aift fue 9 V 4s6*^-o Y o : aq*' : uaaA*aq B92 
}B <auo *" pus?-* 8Z~ qafiJEqP aqq p UB 0T~' a^zoqx j aqi uaa/^aq 
auo '9T C qabddns aqq. 0} puhoq 92 qabJB^-oo aqq. pus OT 
amAzoqxa aqq r uaa^aq q 9e ^ E auo" 'paAXOAUX 9*9 sBuxjxBd 
-esBq aajiqq. ' ax aanfixj ux uaas ; ub'xi*BxaBA "aqq. UI ' 

•axdniBS aq^ 

ux ^uesaad saxnoaxom qafiMB^ jb ia'qutnu a^BtttxxoaddB aq^ 
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aq UBb r qoxq/i pu.B paneq^T ^sx -qoxq/v.qsfr apxqoax^nuofixxo 
aseaiea oq zv qefi^req-oo aABaxo oq. araAzoqxa aqq 
jo uoxqB&xqoB asn uaqq ubo auo "aAxqoB sx auiAzoqxa aqq 
qoxqw ut uoxq.BUiabjubo b oqux >fr uoxfiax fiuxpuxq pub6xx 
srixd* Ofr amAzoqxjr jo aouanbas ^-aaxqua aqq abBxd oq 'punoq 
uaqw 'pub 'uxaqoid b se qons 'gfr puBfixx pxob oxaxonu-iiou 
b puxq qqdq oq. paqoax^s uaaq'-aABq qoxqA saouanbas 
oq pa^uxx uaqq sx ofr auiAzoqxa ; aqi, •paqonaq.suoo sx * (qsfr 
puB'B£fr qafijBq-oo aqq oq AaBquamaxdmoo aaB aurAzoqxa 
aqq 3:0 qofr pub BOfr srcxB qqoq >'sx qBqq) ZV qs&JBq 
-00 paiaauxfiua ub qsuxB6*B Aiaaxqua paqbaixp sx qoxqw 'ofr 
aouanbas autAzoqxjr b 'vz aanfixj oq. fiuxaaajan -3 aanfixj 
ut UAoqs sb 'suT9qojd qons^'pTOB oxaxonu upqq Jtaqqo 
saxnoaxouioaoBUi jo saxnoaxoui oxuafioqqBd jo uoxqoaqap 
moxx^ 03 paxjxpout aq ubo' SAoqB ABoxopoqqam aqj, : 
•uxaaaq paqBibdJtboux aa^ qoxqM jo sfiuxqoBaq aqq ' (366X) 
03S^6XS : tsc ! bju^bn ux 'afdurexa aoj 'qae aqq. ux paxxt^s 
asoqq oq -u&oux aaB ~uoxqBZXXXqouraix ; '^a^ spoqqaw 'sAesse 
dx^soufiBxp ux : pasn Axubuiuioo sxexaaqnui qaaux aaqqo ao 
'spBaqbaoxra 'saqBxd aaqxqoaoxui aqq. jo Sxx^* aqq aq XXT*\ 
aq.Piq.sqns pfxos aqq ' quauixpoquia paaaajaad b tii *saqBxd 

XXa** jaqxqoabxuf sb qohs sAbssb jco j sxassaA uoxqoBaij r 
pjrBpuBqs ux quo paxajBO aq ubo subxqoBax aqj, 
— ^ : " , ^- ^ .' -~ •uoxqsBj ^ : 

snofibx^UB ub ux paqB-iBdas aq ubo qoxq/* auLAzoqxa Aub oqT 
qnq auiAzoqxa Bqxap aqq oq axqeoxxdde Axuo qbu sx poqqaui ~ 

sxqj, *B9t apxqoaxonuofixxo paiTsqei b jo aseaxaj pue 
aBeABaxo aqq ux Baxq-Xnsa^: '>£ VNH qaBa^q aqq. jo Buxpuxq 
fiuxMOXXoj ulioj XTT^ uoxqBULiojuoo auiAzoqxx aAxqoB aqji 
•axduiBs x eo T u TI° e ux quasaad ^£ VMH qa6aeq jb aouasaad 
aqq auxnuaqap oq. pasn aq' treo qx 'aq^aqsqns oxuafiouioaqo 
ts qqx/i aAxqoHaa auiAzua ub jo XQQ^I quaosauxmnxT 0131 ^ 0 
B 'aAp b 'x 9C l^X quaosaaonxj b 'x^cf^X aAtqoBbxpBJ b 
sb qons x ac l B T ^TC[sq.oaq.ap b qqx^i paxX^^T P^b 9X qaoddns 
pxxos b oq paaoqouB sx qz I uxieuiop amAzoqxa uaqM 

f # 8G sqxs paqBUfixsap aqq qB 
aBBABaxo ux fiuxqxnsaa- 'oe auiAzoqxi aqq jo uoxqBUiaojuoo 
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oq. soxq.aua6 oj^ta uj: jlo j, 3Aoqe paqxaosap A6oxopoqq.au! 
aqq. saxxddB suo, /uoxq.oatas oarjTA ut aoj 
.■- r * . - ■;. • . - *HOd ; .t[^T A ao £6QXOuqoa.q. ? * 

aqpad uoT^ZTpx-cqAq * panpuB^s Aq saqoq.Bjuisxut . axBd asBq 
ax6uxs jo uoxq,Box3;xq.uapx aqq.. pq: sno6oxBUB sx -sxqj" . •uaq. 
jo ^no saqoq.Bmsxm o/\q. 'axdw^xa aog 'saouarvbas xb pxq.uapx 
-uou— qxiq jrexxurrs, oq. -sox^auxx x^oxq.uapx Axx?T3- u ^ ss ? 
qq.x/* fiuxpuxq # uoxq.oux^sxp b q.ua6uxaq.s sb ax^ui pq. axqBun 
aq pxnoM sauiAzpqxa rX^pxdAqpad ' : sagmq.Baadpa^ uox^OBaa 
paBpuBqj3: _qAf • saouan&as v q.a£aBq.-uou sno6px puioq A\ x B ; xq.aBd 
Axqxssod Aup pup q.afio:B^ aqq. uaa/*q.aq aq.Buxuixaosxp 
t , oq. axqs aq XTT A aanq.Baaduiaq. pa^BAaxa aqq. q.B aAxq.oB 
Axx^uoxq.puiaojuoo suxBuiaa ajoo opAT^?o asoq/v r auiAzoqxa 
b 'snq,L ^ifoxaB^uauiaxduioo qoexa ^tm sq.a6aBq. oq.- aAxq.Bxaa 

pazxpxaqAq uxBuiaa qp.u XrXT/\ siub aqq. * x £xaiduiqo . P » 
aAxq.oB puB a jjqBq.s b. jo uoxq^iiLiog: aoj -a x q bjoa^ jun , 
Axx^QT^ u <£p oul:i3X M- ^ XTT*V }a6aBq. aqq. pus saouanbas apxnfS v 
araAzoqxa aqq. uaa/\q.aq saqoq,BUisxui ' ssanq^ jadma^. .;Uot^ob^j^ v 
aaq6xq q.^ •pasn aq osxb ubo Buix^.TJtwui : BjSo^ourjacfqt 
puB snoperu&e snizfjacf^ uioag d^SBKH axq^q-sou^^qj^n: : ^ 
- : ;r- *saanq.Baaduiaq: aaqbxq ,q.B spoqq>aui aAoqB ; aqq. ; q.nq r , £ .^ 
Ajieo oq. aapap- ux. ( 26.6X., ' 68 • Z.X sgiJr 'HP^spzs) ll soxq.aua6 
oa^xA ux u Buxsii p^qpatps ;Jo , (3661 'sqsggd ^auoq.sAax 
'buxq.aaw buissaooad VNH auoqsAax 'X* 3> a uaojq) suisxiiBbao 

oxxxqdomaaqq. Bioaj ,paq.Bxqsx, amAzpqxj aj;qBq.soui^aq^ aapi^ r , 
p asn ubo aup 'uoxq.pBaa^aqq. jp Aq.xoxjxoads aqq. asBaapux ...... 

oq. ao /pub z puB- x saanbxj; yx pa^pxdap sax6qxopoqq.aui 
aqq. go sxsAxBq.BO go aq.Ba aqq. aseaaout; ; oq japao u~i 

v ^ - c \ZV q.a6a,Bq.-oo aABaxo o^ axq^tm 

puB uptqBUUOjuoo . aApoEUT -tt^ UT^'ST qoxq/* 'of. ^ auiAzoqxai: . : . ^ 
aqq. vtio . ^pBq, papxoj sx frtr aouanbas 6uxpuxq puBfixx^aqq. . 
aaaq/4 f gz aanBxj;. ut- imoqs. sx ofc autXzoqxa go upxq.Buiaoguop 
aAxq.OBUX aqa, : " x^ufixs aqq. go upxq.Box gxxdmB ux 6uxq.xnsaa 
'•sq.a6aBq.-oo paABaxoun qq.XA q.DBaaq.ux oq. anuxq.uoo ; 
aaojaaaqq. ubo puB 'ZV q.afiaBq.-oo i; oq. AxqxsaaAaa„spuxq c 
0^ amAzoqxa axqpq.iexn6aa : sxyi *9V pub6xx uaAXfi ay^ jo 
aouasaad aqq. jo aAxq^BOxpux si- x^g^T^J 0 .aseaxaa /paq.oeq.ap - 
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a6Bq.uao,zad XT^s, b 6uxuxBq.uoo suoxq.nxds aq.xpxuiB:toqdsdqd 
-■>£ apxsoaxonu qq.x/\ aazxsaqq.uAs YNCI paq.Bwoq.nB 
up uo paonpoad aaB ;sapxq.daxonuo6xxo pazxuibpuBJr Axx^T^Bd - 
asaqj, •aouaxznooo jo Aotiartbaaj paxxj b q.B suoxq.nq.xq.sqns 
wopuBX UT^quoo q.Bqq. sapxq.oaxonuAxoapo6xto oxuafiBq.riur 
jo q.as b jo 3sn Aq paonpo.iq.ux aq~ ubo suoxq.Bq.nw 
•sxsaqqxtAs YNao aq.Bxq.xux oq. pasn pue ubtqpounC uoxq.B6xx 
aqq. ssojob pazxpx.iqAq sx aamxad apxq.oaxonuAxoapo6x-fo 
ub uaq/\ sanooo uoxq.oaxag •awAzoqxa aqq. 
jo pua. £; aqq. oq paqoBq^B aqBaq.sqns aqq. jo uoxqxod , z 
aqq. suxequoo q.Bqq. ainoaioux b sx uoxq.oBajc aqq. jo q.ohpoxd 
^q»L *aq.Bj^sqns apx^oaxonuAxdapobxxo jo apxqfbaxonuoBxxo 
u© Buxaxoaux uoxq.oBa:t oxjxoads-aouanbas e azAx^BO 
oq. araA2oqxa aqq. jo Aq.xxT^ uo pasBq sx udxq.baxas 

- • uoxq.BbTjxxdurB ;coj axcfxfixxa auiooaq oq. aapxo ux 
uopoeaj XBOtuiano ;rexnoxq.xBd b azAxBq.Bo oq. pajrxnbaa aaB 
uoxq.pxndod* ; 3q^ ux synh X^npyAxpux q.Btjq. ux AxaAxq.oaxas 
pauudgaad sx uoxq.B3XjxxduiB aq,i : -aq.Bxduiaq. YNQo jo 4 
Adob aad q.dxjbSuBaq. YNH jo saxdoo 00 ZT oq. qoz aq.Baaua6 
o^ esB^araAxod a jo Aqxxxqe aqq. jo aouahbasuoo 

• 1 b sb uoxq.dxjtpsuBaq. 6ux;inp siriboo uoxq.Bbx jxxdurv 

-eseaauiAxod YNH AiL qq.x^\ YNH oq.. paqxjtosu^xq. si- - 
VNao 6uxq.xnsaa aqqp puB ' (j,h) asB^dxaosuBaq. asjtaAax qq.x/* 
(YNdo) YNa A^Bq.uaiuaxdwoo b oq. paqxaosuBiq. as^aAaa sx VNH 
•paxj-tx^B ubo. VNH Aub AitBnqaxA 'sauiAzua assaauiAxod 
o^q. jo uox^uTqmoo^ fiuisn ~ • : uoxq.DBaa uxeqo asBaamAxod 
aqq. sb qons 'poqq.au! aauixad XBOoadxoax b Aq paxjxxdwB aq /' 
ubo 'aucAzoqxa: JCBxnoxq.aBd b ao ' qonpoad . auafi paq.oaxas aqq. - 

oq. spuodsajjtoo q.Bqq aua6 aqji ;uoiqoB3j x^Tiaaqp B q.no 
Ajjibo oq. xo puBfixx b puxq oq. < AqxxxqB .s^x Aq ,'axdurexa j:oj 
'pa^oaxas aq ubo -q.onpoad aua6 .aqj, -uxaaaq paq.Baodaooux 
aaB qoxq^ jo' sfiuxqoeaq. aqq. ' (2661) IW-9C9:iS? eouips 
'aoAor pub AapnBag axduiBxa aoj 'aas • saanq.Baadmaq. 
paq.PAaxa q.B Axq.tiaxoxjja 6uxuoxq.ounj sauiAzoqxjt asdqq. <■ 
ao j sq.oaxas puB sAbssb uaqq. auo 'DoLZ AxXBurcq.do : * 
6uxuoxq.ounj auiAzoqx;i b ~ jo . aouaribas- aqq. ux suoxq.BXJBA 
oxq.auaJ5 uropuBJ qq.x/* sauiAzoqxx jo uoxq.Bxndod b aq.Baauafi 
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se_ 'puB6TT ptob. oi'aiQnu-uou ^-.puiq uho qo x qn ;autA z oqu, • • - - 
e upx^on^^sucTp^ jaq^ Aq ao Aqa6aBq;-QO. ;ao/puB q.afi.ZBq. 
aqq. Sqjptuxq Aq*vpaq.oajja ataAzoqxx - aq:v 30 uoxasnuo^uoo : 
— aj^afiunqp b- Aq E^xiP^uoo^aq.. ubo Aq.xAxq.oie amAzoqx.x - 
am. ■• At6utp^o° 01 2 pauBxsap j aq q.sntn q.a6;req.-03, pazxTxqounux 
aqq. pub afiBABa/fo jo Aq-xo-j: jxoads aqq sauxuLzaqap 
auiAzpqxa jo-^jLroxqpaxas aq^ -aAoqB paq : xaosap spoqq.aur -~- 
aqq..ux pazxxT^ 11 - a Jfl ujbo saiuAzoqxa jo AqarraBA- y -a 
- -■■ v • « ;SatiiAzoqTH 

'• : ,^ - s : - ..o- , . ; ^ "j *aiqi2X jxquBtxb 

■AxjsBa si q.j^ 'AxqsBx puB Anex^uanbas qjeqq.; xa;qq.Ba 
Axsnoau-Bq.x-nmTS-T/^.o-'eaaq.UT qoxqw squauodtuoo /\ag b BuxxxnJbaa 
'-pxdB^puB axcfoixs : ^x:T?.PJ^sTJ&ca st q.x isxapBax aqrBX<* 
aaqxq.ojcpxm sb qons 3JT3Apj^q. 6upsTX3-3id oq, r axqBjiatHB; 
Axt sb ^ . S J • auiAzoqxa aqq. jo,, t ^xsaqquAsax A^*io- BuxaxnJba x 

' (aouanbas sg.x ux paaaqx 1 ^ aq paau .auiAzoqxa: aqq. .-jjo r: , 
cip aup Axup)~ axnoaxoui VNH AuB.qa6aBq. : oq. pax jxppui Axxs^ 
s-T f Da^s aqq ^xBufijs aqq, jo uoxq.B3 : x jxxduiB; >rp j *\px X^ 

qoxg/v atnAzoqxa aqq* jo saxqaadoad oxqAi^qBo quax^qux a 
aqq oq-anp aAxqxsuas, Axq£>TU S T :J Jnoop ^34 ^ato^o 
aioAzoqxa aoj-squauiaaxn&aa r^id"pqxnm. aqq oq anproxjxoads 
Axq&=rq. sx ASoxopoqqaui pasoxosxp aqq* ' AaBtirams ui 

aaqfaoB pq paqBAa^a ,sx- ^anqBaadiiiaq aqq ,uaqw. abBABaxo ; / 
ux qxnsaa -s.aop*.g£ -8jn6xj .ut twoqs^se -qoqBuisxra * 
V ; *sauLAzoqxa ACIH v*o . ' .d „-9>sbmh^' spBaqaaurtUBq 'axdurexa 
j.oj 'rcaqsAs aiaAzoqxa qoee zoj A:iba XT™ axnqBxadmaq aqj, 
*DbSfr snsiaA 0 o 09 'axduiBxa aoj ' saxnqBxaduiaq paqBAaxa 
qB fcg qa£aBq-oo : pub qafixBq -joj oxjxoads sx OS 
auiAzoqx:i axqBqsouixaqq aqq ^ 'vc aaiiBxj :UX; uwoqs sv ^ 

t; < c SVNH ^u-eq.am 3.0 uoxq.nqxaq.sxp AuaBoad e aonpoJEd t 
;pq paqxjpsuHaq. 3JB sqonpoad H3d aqq. pus 'pexjxxduiB r 
HDd raxiB BMtiQo Buxq^xttsaj aqq. /uoxqdxaosuBJcq. asaaAaa 
oq. paq.oapqns - ejB uoxq.Box jxxduin aAxq.oaxas. Aq pauxnqqo 
svNH aqjD ? suoxq.xpuoo pxua6Bq.nui aapun- HOd .fiuxnLiojaad 
Aq* paonpoaq^ux aan suoxq.Bq.nui, mopuea - 'uoxq.BOX jjxduiB; 
aAxq.oaxas jo punoi qo?3 aag.jV; r is^amoupui; q.oaaaooux; jo r 
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" • sq.uauiaaxri]ba.x aouanfias oxjxoads 

Aue qrioqq.XA 'sapxqoatbriu Aaequauiaxduibo 30 qoqajtqs 4 aiuos 
sx qbfixeq aseasxp aqq pus q.afiaBq.oo/atiiAzoqx:i aqq tiaaAqaq ' 
uoxq.DB.iaq.ux aoj quauiaaxnbaa Axuo aqV'q^q^ os 'qafijtBqoo 
aqq ux Aiaaxq.ua squauiaixnfiaa aouanbas aixs afiBABaxo aqq 
aoHid oq sb -Aba b qons ux uiaqsAs auiAzbcfxi? aqq. '©^jedos 
sAb^x^ oq. st uxaaaq paqx aosap poqq.am aqq jo Afiaqsaqs 
aqq .'eouanBas auiAzoqxa 6uxABaxb-sxo uaou^ aqq uioaj 
paAxiap sx qoxqM 'qafi.iBq.oo aqq ux sapxsaa sxqq. aouxs 
'aqxs a5BAHaxo aqq xoj A:ressaoau aaB Bijeqiao uoxqoaxas 
on * (AxaAxq.oadsaa: 'a asBYNH oxqoAaBxna pub ibx jaqo^q) 
HP pub Yfr aanfixj ux UAoqs ais squaaiajxnfca;r oxjxoads 
-aouanbas uaou^ am 'a aseNH ioj -auxpx;in sx n pub 
'D ^dbbxa : apxq.oai:onu Atte = x 'apxqoaxonu Aub = n aaaqA ' 
'XILN sAbxxoj aqts afiBABaxo aqq~ 'ynh aqxxT^^s' ^au mo jj 
paXxjcap sx "amAzoqxji aqq. jx "'axdut^xa joj •auLAzoqxa aqq 
jo ubx^oSx^s aqq f uo quapuadap sx paABaxo aq oq aouanfcas 
aq£ 5 ^uiaqsAs ancAzoqxi aqq jo uoxqoaxas aqqt uo quapuadap 
sx axnb3 r tom : q.a6a^q-ob aqq. j'b afiBABaxo jb aqxs aqj, 

*sauiAzoqx*x aqq. 30 Aqxx^uoxqounj aqq! :taq.XB qbu 
op qoxqA suoxqexirBAf^pue suoxqBOxjxpoia bq. qoaCqns XT* 

asaqi • saanfixi aqq c oq. abWJca jaa qqxw aAbq^s paqxirbsap 
^j:b hi aaqxab ufixsap XBisuafi aqi - squafiBaa * AuBdmoo~ 
fiuxsn iazxsaqquAs zsz Tap°w TfrOfrte' YO 'Aqxo aaqso^ 
' -aa Jaquao uxoouxi 0 S8 ' I9V> paqBiodaooui suiaqsAsoxg 
paxxddv ub uo pazxsaqquAs aaB sapxq.oaxonuofixxo 
aqexadoaddv "Aoxaq pbqxaosap poqqaur aqq. Aq paq.exosx pub 
paaBdaad aq titso paqBxnfiaa aq ubo qBqq saotAzoqxH 

r *q>afiaBq aqq 9AB3XO pub 'uoxqBULiojuoD 

aAxqoe aumssB 'qafiaBqbo aqq bq puxq aou ubo auiAzoqxjc 
aqq. qBqq Aba b qons'ux qx oq spuxq auiAzoqxi bqq. 'q.uasbid 
sx puBfixx uaqM •uoxq^uLiojubb aAtqoBUX up ux 

suxBiuaa aukAzoqxa aqq asriEoaq aA^axb qouuno qnq spttxq ao 
.'Buxpuxq s^boxq Axx^bxixaqs ^amAzoqxa aqq jo uoxqEULiojuoo 
aqq asneoaq 'qafia^qob aqq- puxqf qouu^fo 'ptreBxx aqq 
jo aouasqe aqq ux 'auiAzoqxa sxqj; -qiaBaH^ob aqq se XX®^ 
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zo uoi^at^ob aoj aouasaad sq.x 6ux;rxnba;i pue puisfixx 
„ v q.eqq. jo x° a ^ uo P ®U?r -^^P auiAzoqx:t aqq. jo Aq.XAxq.OB 
sqq. iuTOBTd 'aouanbss. 6uTpuTq-puB6n oq. pa^uxx ; .1 
sx aouanbas amAzoqxx b qoxqA ux 'jaurAzoqxa axq^Binfiaj:. 
b ^j.Q. uo.xq.onJtq.suoo fjqq. J.03 A6oxopoqq.aui aqi, ; • ■ 

Aq.XATqo^ araAzpqxH 30 uoTq.«XTiJ5aH ; 
•6ux,q.sa;q oxsuaaoj jeo x^uauiuo-iXAua ux, pax jxauapx. 
a;re q.l?qq, suxxoq. pub iasn.finap jo aAxq.Poxpux .seq,jioq^q.aui 
iuxdoaq.opBuofi pxupxapqo unumq siauqons 'sauoiiu^oq {^jr 
q.UBq.nui se qons 'suxaq-p^d oxuaSoouo jq ox jxoads-^oumq* 
se qons 'suxaq.pad apnxoux sfax^oajoui pi;ot? oxaxpnxjr-uop 
paq.a6aH^ _jo saxdurexa -aq.eq.s aseasxp ^ ux Ax^.paaxpux ^ c 
jo AT^oaJCXP paAiQAUX a;tB _qoxq/»\ 'oq.a 'xfiunj ^xaaq^oeq 
'sasnaxA qons s^ugBb oxua6oqq.ed uioaj paAxaap aoia ,q.nq 
XT^o aqq. jp apxsq.no ao apxsux q.sxxa qoxq*\ SVNH snpusBqxa 

<xo 'astasip jlo 'upxq.xpuop /.japjgstp a^[t}pTq«d ^- J9^ ? .y 
sxsaua£>oqq.Bd aqq. ux paAXOAUX jam qoxq/* ' ? SYN*I ^Tl^ 0 -uou B ~ 
aaqq.o jo suxaq.oad Buxpooua svittPi aaq^xa ' SVNH : snouaBppua . ^ , 
spnT^ux svNH pa^afianq. jp saxdurexg. , 7 /v?auipqa6 ; VMH ^ ^ 
jo suxaq.oad x?^T A fiuxpp^ua. svNH ptre ' q.ua6p^ oxua|>oq^Bd r ^ ^ 

„b mpaj paAX aap^ xo r 'aspasxp jo 'aapaosxp 'uoxq/cpuoo 
^ ^ j^XnoT^jBd. e , jo^ pxq.s^xaaq r pB-iBqp, 5 suxaq.p^d Axx^.Tpsdsa 

' suxaq.oad Jpuxpooua^ synhui .apnipux saxnoa^joui paq.a5^Eq. ; . 
jo saxdurexa *saxnpaxpui q,a6«q.-po pub jqafiaB.q. aqq. qq.oq 
oq. aouanbas auiAzoqx.x aqq. puxq oq> apnux aq.uep aouanbas 
Aae^uauiaxduioo q.^qq. ps umou^( sx aouanbas x^xq-aed q.SBax 
q.H qoxq# aoj asoqq. aae saxnoaxoui ¥Na paaj:ajaad ; •poqq.aui 
aqq. q^TAV asn .moj .ppq.abJBq. aq yeo axnoaxoni YKH £uv ^ 
svira q.a6^req^-op t pu«. sykh **a£«q jo upx^oaios 

r .. ..... , •oxq.BJ^asxou-oq.-x^ufixs aqq. 

8ZTiTXBia,oq japjo ux bsjzo qoea aoj pazxuixq.do .Axx^^T^T^^ - ^ 
aq x;£xa ' suoxq.xpuop uoxqosej aaqq.o jco , 'aanq-BJcaduia^ pup - 
q.X^s aq^, 'a r xduiexa i joj. ; -upxq.Hnq.xs oxq.soufiBxp a^xnox^aHd 

puB uia^sAs amAzoqxj qo^a qqxw TTTto ~'lv&l?1 - 

pun q.afijnq.-oo . pun 'q.a6aHq.-oo pun ajuAzoqxa '^aBa^q. puE 
auiAzoqxa uaawq.aq sjcxsd aseq jo qq.6uax r aqq. i uoxq.BZxpxo:qAq 
jioj saxBd aseq, jo aaquinu q.^s. : pu ; sx aaaqj, - , 
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qons suxaq.o:rd epnxoux spunbxx jo saxdurexg -auiAzoqxj: aqq. 
saq.BAxq.bB puBfixx-oo aqq. 30 buxpuxq q;uanbasqns q;Bqq. Abm 
b qoris ux pfo^ ^nq 'abeABato 6uxq.xqxqux • 'amAzoqTa aqq. 
jo aioo oxqjtiBq.Bo aqq. jo uoxq.Buixo:juoo aqq. «iaq.XB se os 
jo/pub VNH q.afiJtBq. aqq. oq. puxq oq> axnoaxom. aq} jo uoxq.jod 
auLXzoqxa aqq: 36 sio^ aqq. jo ; Aq/rxTQ^ s« fiuxxaptixq 
AiiBOxaaq.s Aq amAzoqxj: aq} a^BAT^OBUi- oq. Abm b 
qons ux ptoj pxnoqs saxnoaxoui 30 aaquinu uxBq.;iao v — 

•puBbxx auq> puxq UBd axnoaiotu AaaAa 
AxXBri^xxA qoxqtt "ux s^insaj VNH jo uox^Bxndod b saxoAb 
qons xeaaAas aaq.5V # X0Sfr6 YD 'BpaurexY '001 aq.xns / *aAv 
oxq.UBt3Y S>IT 'swaq.sAs JBxnoaxow aqoon JO .'09890 -uuoo 
'XT^^con '*aAY uxbw X9Z. 'Jauiia ux^aad mojj axq^XT^AB - 
axe Aboxopoqq.aia pub- squabBaa HDd 'saxnoaxoui buxpuxq 
-puBbxx aq} aoj v iidpua <n ispjo ut (HOd) uop'ocaa ut^o 
asBJauiAxod aq} fiuxsn paxjxtduiB axB svnh buxpuxq-puBbxx 
'partita atfcL r " *pa}nxa Axxbox jxoads txq.un uumxoo aq} uo 
uxeniaa puxq qoxiiA saxnoaxoui YNH asbqq. puB xxaq.Bm aqq. oq. 
punoq Ax }ua x baoo sx ptiBfixx- aq} qoxqw ux AqdBx6o}Buio;iqd 
Aq.xux^jB spurioj pa}Bada:r oq. pa}oaCqns sx saxnoaxoui 
VNH jo xdod xaxduiob aq} 'uxa^oad e sb qons axndaxouioaoBui 
b jo 'buxpuxq m.oxx^ A}xx'axduioo }uaxox jjns jo axnoaxora . : 
oxuBfixo xx^s : b AxqBJta jajid 'puBbxx' pajxsap aq} spuxq 
qoxtfA uox}bulio3Uoo b 6}ux pxoj qoxq/\ saxnoaxoui asoqq. 
jloj q.oaxas oji 'aouanbas auiAzoqxa aq} puB jtas^t q^TA ~ 
aouanbas uiopusa aq} jo uoxq.OBaaq.ux aq} Aq pauxuuaq.ap 
sx 'amAzoqxa aq} o} bUxpuodsaaaoo uox}aod }Bq} buxpnxoux 
'axnoaxoia aixq.ua aqq. jo uo"x}buliojuoo aqq. 'pauxjap 
sx aouanbas amAzoqxa aqq. qbnoq}XY *u qq.fiuax jo aouanbas 
uiopuBa b oq. pa^uxx aouanbas auiAzoqx.1 pauxjap aqq.* fiuxABq 
auo qoea 'saxnoaxoui VNH jo x°°d xaxduioo b saq.Baauafi- 
asBJtauiAxod YNH £1. ^q oj^ta tir, uotq.dxaosuBai " " 
A}xxaxdmoo jo) saxnoaxoui jo aanq.xxm b sx vNa 6uxq.xnsaa 
aqj, *u q^fiuax jo aouanbas oiopuBJ b Aq pa/ioxxbj 
JO^ Aq papaoaad auiAzoqxa uaAXfi e joj fiuxpoo aouanbas 
aqq. puB aa^ouioad /.i -aqq; ^uxb^uoo qoxq/\ pazxsaqq.uAs a^B 
sapx^oaxonuobxxo VNQ •Abxaq paqxaosap sx 'uoxq.BAX^oBux 
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as those defined above 4 as targets. Alternatively, a 
certain number^ of • molecules ' should fold into the 
inactive conformation only in^ the presence of the 
ligand, ahd : in its absence fold into a catalytically 
active conformation. ' " . - — ■ ; 

The population of ligand-binding~ : RNAS is then 
' screened for activation or inactivation of the ^ribozyme 
by the co^d^ug ligand. The' selection -can be 
accomplished in at leasti - two ways. . In the first, the 
pure population ^of ligahd-bihding -RNA molecules is 
converted: J to doubie-s€randed DNA via reverse 
transcriptase and then cloned -into an in vitro 
expression vector . f Individual bacterial transf ormants 
bearing a cloned sequence are -grown 'up , the recombinant 
plasm id pur if ied - and -the gene encoding* the ligahd- 
bTnding/ribozyme RNA 'transcribed ' *The hdmogeheous RNA 
froa each -clone Is then assayed f or cleavage in the 
presence or ^bsence of- the ligand. Alternatively;?' a 
'strategy for ibgistically simplifying the screening/ 
- r ed u c i ng tlie total number of clones which must be y 
isolated and : transcribed and assayed, can be employed. 
One such method is to perform 'limiting dilution of the 
complex pool of ligahd-binding molecules. * From the 
concentration of RNA arid the known si z'e^ of the 
molecules, the -number of molecules per unit volume, the 
molarity of the RNA solution, can be easily determined. 
Dilutions of the RNA would be made to statistically 
favor, for example/ 10 RNA molecules per assay well. In 
100 microtiter plates (96 well) , -approximately 10 s 
molecules could be assayed for cleavage, Ellington and 
Szostak ' (1990) estimated there would-be 1 i-ri> 10 10 RNA 
molecules folded in such a way as to bind a given ligand 
* in' the original population of 10 15 different ^sequences 
■ and that there were 10 2 to 10 3 different sequences in the 
* final preparation. After purification for ligand- 
binding; virtually 100% of the molecules bind ligand. 
If only one molecule out -of the- 10 5 different ligand- 
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binding molecules had the ribozyme- activated or 
inactivated by the presence of ligand, this scheme would 
allow for its isolation. Because the ligand-binding 
RNAs have been enriched for by PCR in the cycles of 
affinity chromatography in the order of 10 10 -fold, 
ligand-regulated ribozymes present at much lower 
percentages would still be capable of isolation without 
undue experimentation. Those wells in which cleavage 
occurs in the presence or absence of the co-ligand would 
be. PCR amplified and cloned and the transcripts of 
individual clones assayed . for inactiyation or activation 
by ligand. 

The nature of the co-ligand can be, chosen to be 
exogenously supplied, such as some non-toxic molecule 
which readily enters at. least the target cells, or.. . ~ 
alternatively, an entirely endogenous system can be 
designed in which the controlling ligand is some -.small 
metabolite or macromolecule within the target cell which 
is directly or indirectly related to the ^pathology . ,For 
example, the protein encoded by the target , RNA could -be 
the ligand. The activity of the regulatable ribozyme is 
dependent on binding to the pathogenetic protein. - As 
the level of target RNA falls due to cleavage by the . 
ligand-activated ribozyme, the concentration of protein 
ligand falls. When the concentration falls below that 
at which the regulatable RNA molecuJ.es are all occupied, 
the rate of ribozyme cleavage will begin to fall off. 
By selecting, for differing ribozyme-ligand affinities, 
the appropriate level of regulation of ribozyme-mediated 
destruction of the target RNA can be achieved .for any 
given situation.. For example, the pool, of RNAs is 
subjected to affinity chromatography where the protein 
of interest is bound to the column. Ribozyme molecules 
which can. bind the protein will ; remain on the column 
until eluted.. Repeated rounds. ,of PCR and chromatography 
enrich for ribozyme molecules which thus bind the 
protein. This population is then screened as described 



BNSDOCID: <WO 9413833A1_L> 



WO 94/13833 



PCT/US93/11775 



■ ~ -19- 

above to isolate .molecules which are- active ribozymes 

. only in the presence : of the ligand.- ^ 

The. present invention will be -.: further -.understood 

with reference to the following non- limiting examples. 

Example l: Detection of a short sequence^correspohding 
to a portion of the Hepatitis, B . Virtis 1 ^ 
Surface Antigen mRNA. 

As" shown in Figures 5A and' 5B, bafeed upon the 

structure of the hammerhead r ibozyme i two~ constructs 

were designed , 'referred to as "ribozytne" 60 (Sequence ID 

No. 1) and "co-target" ' 62 (Sequence ID' No. 2) , such that 

in th£ : presence" of the disease target ~RNA 64, a 

trimolecular complex is formed consisting of stems A-D 

70 (Sequence ID No. 4) ,* 72 " (Sequence ID No. 5), 74, 76 

(Sequence ID NoV 3): The result ihg J complex/ shown in <■* 

Figure * SArYiei'ds " ain : actiVe conformation of ribozyme and 

substrate/ with subsequent cleavage of the co-target 

iiolecule 62 (Sequence ID No. 2) and release of the 

:£ ^i^beiled^oli^dnucieotide 62a- In the absence of the 

' L \i^ease'tar^t ; iN^ '64, only stems A 70 (Sequence ID No. 

' : "" l 2 y- eirid 6 72 (Sequende ID No. 1) are formed completely; 

sf^m^^ : X^ijuence itf No. 1) Consists of only two base 

pairs and'is : theref ore "insufficiently stable to support 

ef^icxent cleavage lor the co-target " 62 ^ ('Sequence ID No. 

4) # relative to the trimolecular complex. 

Figure 6 demonstrates the activity of the 

complete complex cbinposed of ribozyme'/ co-target, arid 

disease target, compared to that of k bimolecular 

complex of ribozyme" and co-target only. The disease 

target is a 20 nucleotide RNA corresponding to the " " 

hepatitis B virus surface antigen (HBsAg) mRNA. In lane 

1, all three reactants are present but M<?'++~ is absent: 

no cleavage is observed, iin lane 2/ air three reactants 

-are present with Mg++; and cleavage! occurs. 

Importantly; as seen in lane 3 where the disease target 

xs abseritv the 1 amount of cleavage of dotarget is clearly 

less than that in lane 2 . 
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Example 2: Detection of a 800 nucleotide fragment 

corresponding to a portion of the Hepatitis 
B Vxrus Surface Antigen jnRNA. 

Figures 7A and 7B are, schematics of -a ribozyme 
which displays greater cleavage of the co-target in the 
absence of target than in the presence of target. 

The results in Figure 7C demonstrate the effect 
of the ribozyme and cotarget in the "presence or absence 
of disease target, when the HBV transcript is present, 
the ribozyme activity is less. This is exemplary of the 
method described herein where the presence of a molecule 
is detected by the increased release of label, 
presumably due to alternative base pairing. 

As shown in Figure 7C, in lane l, all three 
reactants are present but Mg+V is absent:, no cleavage 
is observed. .In lane 2,. all three, .re act ants are present 
with »q++, and cleavage occurs. Importantly, as seen in 
lane 3 where the disease target is absent, the amount of 
cleavage of cotarget is clearly much greater than that 
in lane 2. . * 

Modifications and variations of -th e : method and 
expositions of the present invention will be obvious to 
those skilled in the art from the foregoing" detailed 
description. Such modifications and variations are 
intended to come within the scope of the ' following 
claims. * r " - ' ; * 



NSDOCIDkWO 9413B33A1 I > 



WO 94/13833 



PCT/US93/11T75 



-21- 



- r - ..-SEQUENCE LISTING: ^ 

(1) GENERAL INFORMATION.: - - . ' " 

" (i) APPLICANT: Inribvir Laboratories > Inc. 

f ii) TITLE OF INVENTION: RIBOZYME AMPLIFIED 
* ' DIAGNOSTICS' . 

- ~(iii) NUMBER OF SEQUENCES: 5 c r ^ - 

- ( iv) CORRESPONDENCE - ADDRESS : ,; - - ^ ^ - ^* 

(A) ADDRESSEE: Patrea L, Pabst ^ 

- ' - (B) STREET: 1100 Peachtree Street, Suite 2800 
...... . \C) CITY: Atlanta ^ . : ' - 

(D) STATE: Qeorgia _ _ r , . _ 

: (t) COUNTRY: USA 

(F) ZIP:. 303.09-4530. " . " *" - .: 

: (v) COMPUTER READABLE FO£M: 

,(A) MEDIUM TYPE: Floppy vdisfc : - - — - 

>B) COMPUTER: IBM PC compatible , , n V 

- - ^ v (C)^ : OPERATING ; SYSTEM: PC-DOS/MS-DOS 

(D)- SOFTWARE: Patent In Release #1.0, Version 
' '"'"^ " y#1.25 ^ ^ ... : , r 

. ... ., , (vl) CURRENT APPLICATION DATA : - ~ 

" " (A) APPLICATION NUMBER: 

(B) FILING DATE: 

( C) CLASSIFICATION.: ' * r ~-' 

: * ?vii) PRIOR APPLICATION DATA:' 

(A) > APPLICATION NUMBER: US 07/985,308 

(B) FILING DATE: , 04 -DEC- 19 9 2 

(Viii) ATTORNEY /AGENT INFORMATION: ; - — 

(A) NAME: Pabst, Patrea L. 

(B) REGISTRATION NUMBER: 31,284 

(C) REFERENCE/ DOCKET NUMBER: ILI106 



(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (404) -815-6508 

(B) TELEFAX: (404) -815-6555 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 41 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : unknown 

(ii) MOLECULE TYPE: cDNA to mRNA 
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(iii) HYPOTHETICAL: NO • , 

(iv) ANTI-SENSE: .NO. - - 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Synthetic 

(ix) FEATURE: 

(A) NAME/KEY: misc feature 

(B) LOCATION: 1..41* ' 

(D) OTHER INFORMATION: -y function= "Active 

Ribozyme" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

GCCGCAGACA UUCUGAUGAG UCCGUGAGGA. CGAAACUGGA G 
41 

(2) INFORMATION FOR. SEQ ID NO: 2: " ' 

(i) SEQUENCE CHARACTERISTICS: 7 
- . (A) LENGTH: 14 base pairs' ; 

'v (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: cDNA to BlRNA _ . 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: ' NO ' - ' v : f v . 

(vi) ORIGINAL SOURCE: " ' ' 

(A) ORGANISM: Synthetic 

(ix) FEATURE: . " " .' 

(A) NAME/KEY: misc feature 

(B) LOCATION: 1..14 

(D) OTHER INFORMATION: ' /function= "Bonded 

. co-target" 

(ix) FEATURE: 

(A) NAME /KEY: misc feature 

(B) LOCATION: 8.. 9 

(D) OTHER INFORMATION : '/product= "cleavage 

site" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

_ CUCCAGUCAA CAUC,. " 

: • •- ' 14 
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(2) INFORMATION FOR SEQ ID NOr3? ' • - - 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 base pairs 

(B) TYPE: nucleic acid >- 

(C) STRAND EDNESSr single ^ 

(D) TOPOLOGY: unknown 

fii) MOLECULE -TYPE: . RNA (genomic) 

-( iii) HYPOTHETICAL: NO : ' } 

(iv) ANTI-SENSE: NO c , ... . ^ , t 

(vi) ORIGINAL SOURCE: . 

(A) ORGANISM: Hepatitis F-virus 

(ix) FEATURE: ? 

(A) NAME/KEY: misc__f eature 

(B) LOCATION : ^ 1 . .1.4 t . 

(D) OTHER INFOR^TlbNifVfunctioh^ "Target 

■ ' .^RNA-hepatitis 

* ; r f ]■ surf ace : ; antigen message" 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO*: 3 : 

GAUGUGUCUG CGGC ' ^ 

14 ,, 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: , . 

(A) LENGTH: 14 base pairs - ,7 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: cDNA to mRNA 

(Til) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO ./ : 

(vi) ORIGINAL SOURCE: '/ ^ 

K v (A) : ORGANISM: Synthetic J ~ 

(ix) FEATURE : 

(A) NAME/KEY: misc_f eature 

(B) LOCATION: 1 * . 14 

(D) OTHER INFORMATION: /function- "Labelled 
v ' - co-target" 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
CUCCAGUCAA CAUC • ' - z ' v- '- 

14 ... .; . 

(2)- INFORMATION FOR SEQ ID NO:5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 41 base pairs ' 

(B) TYPE: nucleic -acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: unknown ' - 

(ii) MOLECULE TYPE: cDNA to mRNA 

(iii) HYPOTHETICAL:, NO . - r - ... 

(iv) ANTI-SENSE: NO ' 

(Vi) ORIGINAL SOURCE: 
• - (A) ORGANISM':' Viroid' (Plarit) 

(ix) FEATURE: • " " * 

7 (A) NAME/KEY: misc_feature 

(B) LOCATION: 1. .41 

(D) OTHER INFORMATION: /function= "Inactive 

: -' - ' - •' Ribozyme" 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5 : 

. .GCCGCAGACA UUCUGAUGAG UCCGUGAGGA CGAAACUGGA G 

41 " ' " ■■■■ .- , • - >••..- 
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We claim: ' ~ r ' " 

1. A method for detecting a nucleic acid ; . 
molecule in a solution, comprising: 

providing in the solution under conditions >: 
wherein two complementary nucleotide molecules will 
hybridize, a ribozyme r molecule and- two distinct nucleic 
acid molecules, wherein the ribozymi-moiicule comprises 
two regions complementary , to portions of two distinct 
nucleic acid molecules, wherein the first portion is 
present on a first labelled nucleic acid molecule and 
the second portion is present on- a -second nucleic acid 
molecule, wherein the complementary ^regions include at 
least the minimum number of complementary nucleotides to 
obtain binding rbe t tween c the ribozyipe; mpi^eule and the 
first and second nucleic acid molecules, _ 

allowing the ribozyme, molecule^tq ireact with the 
labelled first nucleic acid molecule and the second 
^nucieic acid molecule, and 

detecting the presence .of free label when the 
second nucleic acid molecule is present in solution as 
compared with When the second nucleic acid molecule is 
not present in solution. 

2. The method of claim 1 wherein the ribozyme is 
derived from the group consisting of Tetrahymena 
ribozymes, RNAase P, ribozymes derived from newt 
satellite ribozyme, hammerhead ribozymes derived from 
plant viroids, and axehead ribozymes derived from 
hepatitis delta virus. 

3. The method of claim 1 wherein the second 
molecule is bound by the labelled first nucleic acid 
molecule. 

4. The method of claim 3 wherein the second 
molecule encodes a protein. 

5. The method of claim 1 wherein the labelled 
first nucleic acid molecule is immobilized on a solid 
support . 
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6. The method- of claim ,1 wherein the labelled 
first nucleic acid- molecule is labelled with a label 
selected- from the group consisting of dyes, enzymes 
reactive with a chromogenic substrate, fluorescent 
labels, chemi luminescent labels,- and radioactive labels. 

7. - The method of claim 1 wherein the ribozyme is 
conf ormationally active when the ribozyme is bound to 
the second molecule. * . 

8. The method of claim 1 wherein the ribozyme is 
conf ormationally active when the ribozyme is bound to 
both the second molecule and labelled first molecule. 

9. The method of claim 1 further comprising 

: selecting the ribozyme molecule based on binding to a 
molecule altering enzymatic activity of the ribozyme. 

10. The method of claim 9 wherein. 

the ribozyme molecule is synthesized repeatedly, 
the ribozyme molecules are reacted with an 
activity altering molecule under conditions where some 
of the ribozyme molecules will bind to the molecules, 
removing ribozyme not binding to the activity 
altering molecule, 

screening for an effect „of the bound molecule on 
the ribozyme activity, 

isolating the ribozyme molecules which bind, the 
activity altering molecule and whose activity is thereby 
altered, and 

repeating the process until a ribozyme molecule 
is isolated which binds the molecule and whose activity 
can be altered by binding with the molecule. 

11. The method of claim l wherein the ribozyme 
is stable to elevated temperatures in excess of 37 °c and 
the second molecule is bound .under conditions in excess 
of 37 °C. 

12. The method of claim l wherein when the. 
second nucleic acid molecule is bound by the ribozyme 
molecule there is less label detected than when the 
second nucleic acid is not bound. 
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13. The method 'of claim -1 wherein when the 
second nucleic acid molecule is- bound -by the ribozyme 
there is mord "label -detected than when the second- - 
nucleic acid Is not bound. ■•' " 1 - ; ' • 

■■r-rr.-: 14. ^ ribozyme molecule comprising two regions 
complementary - to port ions of twd distinct nucleic acid 
molecules/ wherein - - : - ' ; V- - ■ , 

the first portion is present on ia first molecule 

"and " - ~' — ' * - " 

; - - the second portion-is" present oh a r second ^ " 
molecule , L - ' ' r ' "> ■ — ■ - ' 

" : i wherein* the complementary Regions include at 
least 'the minimum -tiUmber -of complementary nucleotides to 
obtain" binding ^between the rxbozyifte molecule antf-the 
first and second Molecules. 1 " ^ '- /v - ' 

: " 15. TtiV ribozyme molecule of- claim 14 wherein 
the 'first- molecule binds-'*the , -s-econ^#blecul'6*5" 
c - i; 16 / <: The ribozyme molecule of claim 14 wherein 
tKe ; f irst moledttle is labelled. 

w 17 . The ribozyme of claim 14* wherein the first 
molecule encodes a protein. 
: ' ~ ** 18. The ^ribo^yme molecule of claim 14 wherein 
the ribozyme is derived from the group consisting of 
~ Tetrahymena ribozymes, RNAase i: P, newt satellite 
ribozyme, hammerhead ribozymes derived from plant 
viroids, and axehead ribozymes derived from hepatitis 
delta virus. -~ ^ * * : : 

r ' 19. The ribozyme molecule of : claim 14 wherein 
the ribozyme is conformatiorially active- when bound to 
the first portion of the first molecule. 

20T The ribozyme molecule of claim 1 14* wherein 
- the ribozyme -is conf ormatibnally active when the 
complementary sequence is bound to the first pbrtiori of 
the first molecule and the second portion of the second 
molecule. { - v ' — 1 r ' ■ "■ * 
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21. The ribozyme molecule of claim 14 wherein 
the enzymatic activity of the ribozyme is altered by 
binding _of a regulating molecule to the ribozyme. 

22. , The ribozyme molecule of claim 14 wherein 
the ribozyme molecule is conf ormationally active at a 
temperature between 37 and 60 °C. . 

23.. The ribozyme molecule of claim 16 wherein 
the labelled nucleic acid molecule is immobilized on a 
solid support. 

24. > The ribozyme molecule of claim 16 wherein, 
the labelled .nucleic acid is labelled, with_a label, 
selected from the group consisting of dyes, enzymes 
reactive with a chromogenic substrate, fluorescent 
labels, chemi luminescent labels, and radioactive labels. 

25. _ The ribozyme molecule of claim, 1|S wherein 
when the labelled nucleic acid is , hybridized to either 
the ribozyme or the second molecule there is less label- 
detected than when the labelled nucleic acid is. not 
bound . r . ^ ■ - 

26. The ribozyme molecule- of claim , 16, wherein y 
when the labelled nucleip acid is hybridized to either 
the ribozyme or the second molecule there- is more label 
detected than when the labelled nucleic _acid is not 
bound. : . ... . ... , ... . 

27. A method for selecting a ribozyme molecule 
according to T . claim 14 wherein the ribozyme activity is 
alterable by binding with a regulating molecule 
comprising 

synthesizing the ribozyme molecule repeatedly, 

reacting the ribozyme molecules with an . activity 
altering molecule . under conditions where some of the 
ribozyme molecules will bind to. the molecules, 

removing ribozyme. not binding, tp the activity r 
altering molecule, 

screening for an effect of the bound molecule on 
the ribozyme activity, isolating the ribozyme molecules 
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wherein the molecule binds and has an effect "on activity 
of the ribozyme, 'and'"** 

repeating the process until a ribozyme molecule 
is selected which binds the "molecule and whose activity 
can be altered by binding with the molecule. ' * fe 

28. A trans-acting ribozyme label led with* a 
label selected from the gfrotfp consisting of dyes, 
enzymes reactive with ia chromogeriicr substrate/ 
fluorescent labels, chemiluminescent labels, and 
radioactive labels, and having tWo~ regions of 
complementarity to a" target molecule, wherein tHe label 
is cleaved from the ribozyme when the ribozyme is bound 
to the' target molecule. 

29. The^ritTozyme of "claim 28 derived from" the 
group" consisting^ of Tetr^hymeha 'r isozymes , RNAase P, 
ncsirtr satellite ^tl^bzym^ hainmerhead ribozymes derived 
ttow plant viroids, and axehead ribozymes derived from 
hepatitis' d^Tta virus: - 

30. A method for detecting a targeted nucleic 
adld~ iolecule in a solution, comprising: 

"providing a trans-acting ribozyme labelled with a 
label selected' ; f torn the group consisting "of dyes, 
enzymes rfeactive with a chrbmogenic substrate, 
fluorescent labels, chemiluminescent labels, and 
radioactive labels, and having two regibhs of 
complementarity to the targeted molecule, wherein the 
label is cleaved from the ribozyme when the ribozyme Is 
bound to the targeted molecule; and ^ 

' ^ detecting the targeted ' molecule by detecting the 
label cleaved from" the ribozyme. : 

31. ; The method for detecting a targeted nucleic 
acid molecule in a solution according to- claim 30, 
wheireiiv the ribozyme is derived from the group* 
consisting of Tetrahymena ribozymes, RNAase' P, newt 
satellite ribozyme, hammerhead' ribozymes derived from 
plant ' vlroids r and axehead ribozymes^ (derived from 
hepatitis delta virus. 
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